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Mineral Analysis of Forages with Near Infrared Reflectance Spectroscopy.

D. H. Clark, H. F. Mayland, and R. C. Lamb2

ABSTRACT components in agricultural type samples is due to the
Mineral concentration data could easily be generated by near in- rotational or vibrational energies associated with hy-

flared reflectance spectroscopy (NIRS) while determining quality drogen bonds. The vibrational motions of hydrogen
parameters in forage samples. Howe~er, which minerals can be ana- bonded to other atoms (C, O2, N2, and S) can be mea-
Iyzed and why they can be determmed has not been documented sured indirectly through the amount of absorbed near
adequately. Therefore, NIRS spectra were collected on 200 samples. fi d.. .. ..
of crested wheatgrass (Agropyroll spp.), 203 tall fescue (Festuca In rare~ ra 1atlon. Th1S bonding or stretching will vary
arulldillacea Schreb.), and 59 alfalfa (Medicago sativa L.) hays. Con- depending on the pr~sence of other elements and num-
centrations of Na, K. Ca, P, Mg, Fe, Mn, Coo and Zn, as determined ber of bonds that WIll affect the amounts of reflected
by atomic absorption, and calculated values of the Ca/P, K/Mg, and light. Kaye (5) listed some of the functional groups
K/(Ca.+ Mg) r~tios were regressed against reflectance values mea- (CH3, NH3, OH, etc.) and wavelengths that are de-
sured m 2-n~ mcrements between 1100 and ~500 nm for each sam- tected by NIRS. Whetsel (10) reported the wavelengths
pie. ApproxImately one half of the samples m each forage set was fi d . h NIRS fi h ..

fused to develop the calibration equations, while the other half was oun WIt. ,?r t e determmatlOn.O ~are earth
used to validate the equations. The coefficients of variation (CV= me.tals and mo~gamc metal complexes m slmple so-
(standard error of analysis-;-the mean) X 1001 generally ranged from lutlons. The mineral complexes he reported are not
10 to 20% for K. Mg, Ca, and P concentrations in each forage type. found in living systems, and the solutions examined
The Ca/P ratio in al~alfa was dete~mined w!th a CV of 18%. The were pure.
CV values of other mmerals ~nd mm.eral ratIos genera~ly ex:ceeded The minerals in agricultural products probably exist
20%. Chlorophyll and some morganlc salts and organIc-acId salts . bo h . . d . 1 .
of Ca, Mg, and K were scanned with NIRS for wavelength com- 1~. t inorganIC an organIc comp exe.s. . The POSS1-
parisons with those wavelengths used to determine mineral concen- bll1ty that ~IRS could be used for determining mineral
trations in forages. Some of the wavelengths used in the equations concentratlons would therefore seem remote. Shenk

, for Ca, K. and Mg were related to peaks and changes in slope ob- et al. (8,9) reported the use of NIRS for determining
,. serv.ed in chlorophy~1 ~nd.organic-acid s~lts of Ca, ~, and Mg, su~- K, Mg, Ca, and P in forages. However, the ability of

gestln.g !hat ~IRS IS l.ndlrectlY measuring these mmerals by theIr NIRS to determine other minerals has not been doc-
assocIatIon wIth organIc molecules. Accurate use of NIRS to deter- d Th ' d . .. .
mine mineral cation composition in forages appears limited to certain umente: 1S stu. ):' was .1mtlated to exa~me .the use
major minerals (Ca, P, K. and Mg). ofNIRS m determm1?g.mmeral concentratlons 1.n three

Ad".t . --, . dd C ted h t A T II forages. A hypothes1s IS also offered to explain why
.., 10, III ex wor s: res w ea grass, gropyroll spp., a NI RS b . .

fescue, Festuca arulldinacea Shreb., Alfalfa, Medicago sativa L., . can e used to estlmate some mineral concen-
Mineral ratio. tratlons.

THE USE of near infrared reflectance spectroscopy MATERIAlS AND METHODS
(NIRS) for the analysis of quality measurements Mineral profiles and NIR spectra were determined on 200

in feedstuffs has increased considerably in the last dec- crested wheatgrass (Agropyron spp.), 203 tall fescue (Festuca
ade (3,4). Basically, scanning monochromators mea- arundinacea Schreb.), and 59 alfalfa hay (Medicago sativa
sure reflected light from samples in the near infrared L.) sample~. Crested wh~atgrass samples were from plants
region. Specific filters capable of scanning the appro- grown at Lmcoln an~ Alliance, NE. T~ll fescue samples :-vere
priate wavelengths can be installed in less expensive from a broad genetic based population of three cultlvars
b fil ' fi . ' ('KenHy', 'Ky-31', and 'Mo-96' grown at Mount Vernon,

ut ac,?urate, ter instruments or rap1d and accurate MO) that was free of the endophyte. The grasses were sam-
analys1s. Apparent absorbance (log I/Reflect~nce) at pled at the vegetative stage of growth. The alfalfa samples
~elected ~avelengths can then be correlated w1th var- represented 59 hays of several maturities, cuttings, and 10-
10US qual1ty components. cations in the Intermountain West (3).

The ability of NIRS to determine various quality Grass samples were hand clipped and dried at 60°C, and
alfalfa samples were obtained by compositing 10 or more

1 Contribution of USDA.ARS and the Animal, Dairy and Vet- corings from each hay source. All samples were ground in a
erina!"ySciencesDep., Utah StateUniv., Logan, UT. Paperno. 3247. Wiley no. 4 mill to pass a l-mm stainless steel sieve and
Re,celved 24 M~r. 1986; . . . . again dried at 40°C for 24 h prior to chemical analyses.

~ Research am mal scIentist, research soil sCientist, and research Nitric-perchloric acid (3: I) digestion of 0.5 g forage subsam-
animal SCientist, respectively, USDA-ARS, Logan UT 84322-9463, 1 d d 1 ." Ca C F K M M N Pand Kimberly ID 83341. pes prece e ana YSiS lor, u, e, , g, n, a, ,

, and Zn. Phosphorus was measured colorimetrically as mol-

Published in Agron. J. 79:485-490 (1987). ybdovanadophosphoric acid. Potassium was determined by
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flame e~ission. All other elements were measured by atomic As a means of trying to explain why NIRS responds to
absorp.tlon spectrophotometry. Samples for K, Ca, and Mg Ca, K, Mg, and P concentrations in forage samples, spectraan~lysls were prepared in I g L -I lanthanum (La). Mineral of inorganic and organic acid salts ofCa, P, K, and Mg were
ratIos ofCa/P, K/Mg, and K/(Ca + Mg) were calculated from scanned with NIRS. Chlorophyll extracted with an azeo-
the concentration data of the respective element. The Ca/P tropic mixture of ethanol and absorbed to Alundum was also
values were calculated on a mass concentration basis, whereas scanned since some of the Mg in forages is associated with
the K/(Ca + Mg) and K/Mg values were calculated on a chlorophyll. These spectra were compared with the wave-
chemical equivalence basis. lengths chosen during the calibration process as a means of

After subsampling for chemical analysis, the balance of explaining the response ofNIRS to mineral concentrations.
the samples was ground using a UDy3 cyclone mill (UDY
Corp., ~ort Collins, CO) (I-mm),.and a portion (ca. 2 g) was RESULTS AND DISCUSSION
packed Into cups for NIRS scannIng. Spectral response data
were collected for all samples from 1100 to 2500 nm at 2- Tall Fescue
nm increments using a Pacific Scientific3 Model 6350 scan- .. . . . .
ning monochromator (Pacific Scientific Corp., Gardner/ Table 1 l1sts the StatIStiCS assocIated w1th regr~sslon
Neoec Instrument Div., Silver Spring, MD). Apparent ab- an~ ~IR~ wa.velengths select<:d to best <:xplam the
sorption data for tall fescue, crested wheatgrass, and alfalfa vana~10n m mm~ral concentrations determmed by wet
hays were stored in separate files. Mineral data from chem- chemIcal analys1s of tall fescue forage samples. Our
ical analysis of each sample were entered into the computer SECs for Ca, P, and K were 1.0, 0.3, and 2.6 g kg-I,
(DEC3 PDP 11/23; Digital Equipment Corp., Nashua, NH). respectively. Shenk et al. (8) reported SECs of 1.3,0.4,
One-hundred-two (102) tall fescue samples, 100 crested and 3.7 g kg-I for the same minerals, respectively, in
wheatgrass sam.ples,. and 44 alfalfa s~mples were rando~ly a diverse group of forages with a different model of
selected for calIbratIon. The absorptl.on data a~d chem~cal scanning monochromator than the one used in this
analyses for these samples were used m developIng multIple.
regression equations for each mineral and mineral ratio within study, Large errors occurred m our study when ~he
each forage type. spectral data were regressed o.n the N~ data, preventing

Software used to collect reflectance spectra and to develop development of a ~a equation. Th1s may be due to
and test the equations are part of the USDA National NIRS the extreme range m Na values (see Table 1).
Forage Network software (7). Equation development was Equations were also developed for mineral ratios
performed using the 1985 version of the CAL program (7). [Ca/P, K/(Ca + Mg), and K/Mg], and the associated
The program first selected the wavelengths to be used in the calibration errors were calculated The SECs were 0 2
equation, usin~ all of the samples present in. the.development 0.3, and 0.4 for K/(Ca + Mg), K/Mg, and Ca/P, ~e:
file.. Ma,thematIcal tr~atments (log, first denvatIve, or second spectively. Mean values and ranges are presented to
denvatIve of absorptIon values) were performed on selected .11 h . b' l ' .

h 1wavelengths to obtain better fitting equations. Next, coeffi- 1 ustrate. t e vana 1 1ty present m t e samp es used
cients were calculated using half of the calibration samples, for ~quati~n development. Wav~len~ths and transfor-
and validation of the equation was performed on the other mations (1.~., first or s~cond de~vative of reflec.tance
half. This process was repeated twice so that every sample data) used m the equations are l1sted for each mmeral

, in the calibration set contributed to the validation process and ratio.
(~ark We.sterhaus, 1985, personal communication). Equa- Equations were then tested on the remaining 101
tIon selectIon, by the operator, was based on each wavelength tall fescue samples with the results shown in Table 2
in t~e equation having a partial F > 8.? an~ the equation Shenk et al. (9) r~ported SEAs (g kg-I) and corre:
h,avmg t~e lowest s~~dard error of Ical1bratIon (SEC) and sponding r2 values for forage samples from around
hlghestR-.Theremammgsamples(IO.tallfescue,IOOcreste~ Pennsylvania of 14 and 090 04 and 070 d 41wheatgrass, and 15 alfalfa hay) were used as the final val1- .. , " ., an .
dation of the developed equations. Near infrared reflectance and 0.60 fo~ Ca, P, and K, respectively. We observed
determination on these samples consisted of making reflec- SEAs (g kg I) and r2 values of 1.1 and 0.80, O.~ and
tance measurements and solving a regression equation of the 0.83, and 3.4 and 0.74 for Ca, P, and K, respectively.
form: Bias values, which are the mean of the samples ana-

lyzed with NIRS, minus the mean from chemical de-Amount analyzed component = Bo + BIXI terminations, were quite variable.

+ B2X2 + B3X3 . . . , Trace element~ had lower r2 values and higher SEAs
whereX X d X fl ta ( b t ' ) than the other mmerals. Copper and Mn had r2 values

I, 2,an 3arereec nce asorplon measure- f030 d044 ' . ' h -2 1 f031ments or derivatives of these at wavelengths X X and X . o. an . m companson W1t ,- va ues 0 .
Bo is the regression constant; and B" B2, and B; a~~ parti~i and 0.31 as reported by. Shenk et al. (9) for the same
r~gression coefficients. Standard error of analysis (SEA) and ~le~ents. The CalF ratio was ~e~ermme~ because of
r for each mineral within each forage type were used to 1tS 1mpact on phosphorus nutntion, wh1le the other
measure the amount of error associated with the determi- two ratios were computed because of their implication
nation of.each minera.l. . in the grass tetany syndrome (6). Values for the two

CoefficIents of varIatIon were calculated [CY = (SEA/ K ratios could be determined with a CV of 20%
me~n)X,IOO] for ~ach min~ra.l and mineral ratio for com- whereas CalF had a CV of 27%. The SEA of 0.6 fo;
panng dIfferent mInerals wI~hm ~nd across the ~hree forage the CalF ratio is too large for practical use. The two
types. Standard error of cal1bratIon and analysIs were cal- K ratios could be calculated if one is interested in the
culated as follows: ..,

potennal tetany hazard of th1s forage. As a rule, mm-
SEC = (mean square error)o.s erals with a wide range in concentration values also

SEA =- {~[(x- X)21/n)OS-(bias/n) ; had high CVs.
where X = NIRS values, x_= chemical val.ues, and n = J Mention of a trade name does not imply an endorsement or rec-
!lumber of samples, and bias - NIRS mean mInUS the chem- ommendatlon by the U.S. Department of Agriculture or Utah State
lcal mean. University over similar companies or products not mentioned.
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Table 1. Statistical data for mineral concentrations determined by wet chemistry for 102 tall fescue samples used in NIRS calibration
and equation development.

Wet chemistry

Variablet Mean Range SEC~ R' Wavelengths§
- ~~~~~D~ Ca 5.8 3.0-9.9 1.0 0.82 23901 1514'

P 2.7 1.9-4.7 0.3 0.79 1788' 1688' 17681
Mg 4.4 2.2-7.0 0.6 0.73 1850' 1768' 2350'
K 29 19-39 2.6 0.88 22241 24181 1942' 1488' 23721 2318'
Cu 5.5 3.5-8.5 0.8 0.46 14541 1268' 18381 22461 15881 18221
Zn 20 13-35 2.7 0.51 17901 19921 1914'
Mn 84 42-280 19 0.46 12001 17041
Na 1200 70-4700
Fe 760 200-3900 200 0.69 13581 18681 2046' 14161 1912'
Ca/P 2.2 1.1-4.3 0.4 0.50 23421 1502' 1748' 23721 23161 22881
K/(Ca + Mg) 1.2 0.6-2.0 0.2 0.71 2386' 1950' 22281 22481 1746' 18881
K/Mg 2.1 1.0-3.8 0.3 0.72 2362' 1748' 1480' 15581 22561 24341.- -- . ~~~~ tCa, P, Mg, and K are expressed as g kg~l; Cu, Zn, Mn, Na, and Fe are expressed as mg kg-I; Ca/P values were calculated on a mass basis; K/(Ca + Mgl

and K/Mg were calculated on a chemical equivalence basis.
~ SEC = standard error of calibration in units of measure appropriate to each mineral.
§ Wavelengths (nm) used in the equation in order of decreasing contribution., Math treatment. first derivative.
1 Math treatment, second derivative.

Table 2. Statistical data for mineral concentrations determined by wet chemistry and NIRS for 101 tall fescue samples.
~ - ~ ~-~~ --r---'

Wet chemistry Standard deviation

Variablet Mean Range CV~ SEA§ r' Bias Wet chemistry NIRS- --- -- " -%-

Ca 5.8 3.0-8.8 19 1.1 0.80 -1.8 1.9 1.6
P 2.6 1.8-45. 12 0.3 0.83 -0.7 0.4 0.3
Mg 4.6 2.6-6.0 15 0.7 0.56 1.4 1.0 0.9
K 28 17-40 12 3.4 0.74 -0.6 3.4 3.3
Cu 5.6 3.6-8.6 20 1.1 0.30 2.7 1.1 1.2
Zn 21 13-36 16 3.3 0.41 -2.7 4.0 3.7
Mn 85 38-280 29 25 0.44 -15 32 17
Fe 760 240-3600 31 235 0.58 -101 360 270
Ca/P 2.2 1.1-4.3 27 0.6 0.31 2.3 0.6 0.6
K/(Ca + Mg) 1.1 0.6-2.0 20 0.2 0.49 -0.9 0.3 0.3
K/Mg 2.1 0.1-3.7 20 0.4 0.63 -0.4 0.6 0.6. - - - -.- -.-

; t Ca, P, Mg, and K are expressed as g kg~l; Cu" Zn, Mn, N a, and Fe are expressed as mg kg-'; Ca/P values were calculated on a mass basis; K/(Ca + Mg)
and K/Mg were calculated on a chemical equivalence basis.

~ CV = ((SEA/meanl x 100).
§ SEA = standard error of analysis in units of measure appropriate to each mineral.

Table 3. Statistical data for mineral concentrations detennined by wet chemistry for 100 crested wheatgrass samples used in NIRS calibra-
tion and equation development.

, Wet chemistry

Variablet Mean Range SEC~ R' Wavelengths§
- ~.
Ca 2.7 1.4-5.0 0.6 0.86 1834' 13421
P 1.6 1.1-2.6 0.2 0.77 21561 2332'
Mg 1.0 0.6-1.7 0.2 0.77 2076' 21901 1124'
K 14 5.7-22 1.4 0.83 1470' 1938' 16561 2326' 24101
Cu 3.5 0.9-6.2 0.8 0.41 21721 16741 15021 1734' 15201 14041
Zn 18 6.9-33 4.3 0.44 13361 21041 12041 1718'
Mn 38 14-100 12 0.50 18981 1754' 17101 21861
Na 38 20-180 6 0.27 1368' 16121 1718'
FE 280 130-930 69 0.72 1188' 19741 18041 1114' 21381
Ca/P 1.8 0.7-2.9 0.3 0.52 1188' 1868' 1768' 1208' 1568'
K/(Ca + Mg) 1.7 0.7-5.2 0.4 0.46 2092' 16521 18241
K/Mg 4.5 1.4-13 1.1 0.53 1764' 1216' 1568' 18721

-
t Ca, P, Mg, and K are expressed as g kg-'; Cu, Zn, Mn, Na. and Fe are expressed as mg kg-'; Ca/P values were calculated on a mass basis; K/(Ca + Mg)

and K/Mg were calculated on a chemical equivalence basis.
~ SEC = standard error of calibration in units of measure corresponding to each mineral.
§ Wavelengths (nm) used in the equation in order of decreasing contribution., Math treatment, first derivative.
1 Math treatment. second derivative.

Crested Wheatgrass " .
the R- was low (R-=0.27). Standard errors of callbra-

Equa~ion data for crested wheatgrass samples are tion were lower for Ca and Mg than reported by Shenk
shown ill Table 3. The SEC values for P and Cu were et al. (8) and for the tall fescue samples in this study
s~milar in the tall fescue and crested wheatgrass equa- (Table 1). Three of the five wavelengths used for K
tlons (0.3 vs. 0.2 g kg-I and 0.8 and 0.8 mg kg-I, analysis in the crested wheatgrass equation (1938,2326,
respectively). A Na equation was developed; however, and 2410 nm) were similar to three wavelengths for
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Table 4, Statistical data for mineral concentrations detennined by wet chemistry and NIRS for 100 crested wheatgrass samples,
-~ - --r-~-

Wet chemistry Standard deviation

Variablet Mean Range CVi SEA§ r' Bias Wet chemistry NIRS
, -%-

Ca 2.8 1.4-4.8 25 0.7 .88 -1.7 0.6 0.4
P 1.5 1.3-2.4 13 0.2 .84 0.1 0.3 0.1
Mg 1.0 0.7-1.7 20 0.2 .88 0.5 0.2 0.2
K 14 7.4-21 11 1.5 .81 0 3.5 3.1
Cu 3.2 1.1-6.2 31 1.0 .20 0.7 0.9 0.6
Zn 18 6.9-32 44 8.1 .22 -26 7.6 4.0
Mn 37 14-110 43 16 .14 136 14 14
Na 41 18-180 44 18 .01 -4.2 18 5
Fe 290 130-930 32 93 .64 426 140 150
Ca/P 1.8 1.0-3.6 22 0.4 .14 2.0 0.4 0.3
K/(Ca + Mg) 1.6 0.8-3.3 25 0.4 .30 -0.7 0.5 0.4
K/Mg 4.2 2.1-9.1 29 1.2 .23 -3.9 1.3 1.0--
tCa, P, Mg, and K are expressed as g kg-I; Cu" Zn, Mn, Na, and Fe are expressed as mg kg-I; Ca/P values were calculated on a mass basis; K/(Ca + Mgl

and K/Mg were calculated on a chemical equivalence basis.
i CV = [(SEA/mean) x 100).
§ SEA = standard error of analysis in units of measure corresponding to each mineral.

Table 5. Statistical data for mineral concentrations detennined by wet chemistry for 44 alfalfa hay used in NIRS calibration and equa-
tion development.

Wet chemistry

Variablet Mean Range SEC:t R' Wavelengths§
~

Ca 14 9.8-20.0 1.1 0.75 19541 14621 13941 24061
P 2.2 1.2-3.4 0.3 0.62 1540' 15041 19101 22081
Mg 2.8 1.7-4.1 0.3 0.80 1592' 1768' 23041 2036' 24041 18181
K 22 12-31 1.8 0.88 2366' 2010' 17341 1256' 18341 1538'
Cu 7.6 3.0-16 1.2 0.84 1534' 18561 2352' 1714' 14921
Zn 17 11-27 2.3 0.61 23761 20561 11601
Mn 31 14-69 6 0.24 2384' 20261 . 13421 24261
Na 490 200-960 160 0.24 12961
FE 260 90-730 110 0.45 13221
Ca/P 6.8 4.2-15 1.2 0.66 2344' 1948' 1484' 2246' 1762#

t Ca, P, Mg, and K are expressed as g kg-I; Cu, Zn, Mn, N a, and Fe are expressed as lUg kg-I; Ca/P values were calculated on a mass basis.
:t SEC = standard error of calibration in units of measure corresponding to each mineral.

§ Wavelengths (nm) used in the equation in order of decreasing contribution., Math treatment, first derivative.
1 Math treatment, second derivative.

Table 6. Statistical data for mineral concentrations detennined by wet chemistry and NIRS for 15 alfalfa hay samples.- -
Wet chemistry Standard deviation

Variablet Mean Range CVi SEA§ r' Bias Wet chemistry NIRS-
-%-

Ca 14 5.8-19 14 2.0 0.68 0.6 3.7 2.3
P 2.2 1.4-3.0 14 .3 0.74 0 0.5 0.4
Mg 2.7 1.6-4.8 19 .5 0.71 0.1 0.9 0.7
K 22 13-33 12 2.6 0.80 1.1 5.4 4.0
Cu 7.6 4.5-13 29 2.2 0.50 0.3 3.1 2.6
Zn 17 11-20 18 3.1 0.35 1.3 2.7 3.8
Mn 33 15-55 24 8.1 0.51 1.0 11 9.8
Na 490 270-850 32 160 0.12 -7.0 160 86
Fe 220 120-340 42 91 0.33 -22 65 110
Ca/P 7.1 2.1-14 18 1.3 0.80 0.4 2.9 2.7

t Ca, P, Mg, and K are expressed as g kg-I; Cu" Zn, Mn, and Fe are expressed as mg kg-I; Ca/P values were calculated on a mass basis.
:t CV = [(SEA/mean) x 100).
§ SEA = standard error of analysis in units of measure corresponding to each mineral.

the same mineral in the tall fescue equation (1942, ues in the tall fescue and crested wheatgrass samples
2318, and 2418 nm). (0.58 and 0.64, respectively); however, the SEA for Fe

Results of testing the equations on the remaining was lower in the crested wheatgrass samples (93 vs.
100 crested wheatgrass samples are in Table 4. The 240mgkg-',respectively).TheCVsexhibitedagreater
SEA values were lower for Ca, P, Mg, K, Cu, Mn, and range when compared with the tall fescue samp~es.
Fe in crested wheatgrass than in tall fescue. Although Potassium had the lowest CV, with Zn and Na havIng
an equation for Na was developed, validation with 100 the highest CV in the crested wheatgrass samples. Bias
crested wheatgrass samples accounted for none of the values exhibited more variation compared to values
variability present (r=O.OI). Iron had similar r val- obtained for the tall fescue samples.
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Alfalfa Hays large variation noted earlier in determining mineral
The same minerals were determined in alfalfa hay values (see CVs for Ca, P, K, and Mg in Tables 2, 4,

. and 6).
samples as m tall fescue and crested wheatgrass sam-
ples. The Ca/P ratio was the only ratio calculated (Ta-
ble 5). The SEC values were similar for both Ca and
P in alfalfa and tall fescue, while SEC values for P, A
Mg, and K were similar in alfalfa and crested wheat-
grass samples. Sodium and Fe exhibited high SECs,
which may be due to the large range in concentrations. ~

The alfalfa equations were verified on 15 additional t
alfalfa hay samples (Table 6). The SEA values were ~
higher for Ca and Cu compared with the tall fescue ~
and crested wheatgrass equation. The CV values for C
Ca were greatest for the crested wheatgrass samples,
followed by the tall fescue and alfalfa samples (25, 19,
and 14%, respectively). The mean and range in Ca
values and in the Ca/P ratio were also larger in the
alfalfa samples than tall fescue and crested wheatgrass.
Sodium concentrations were considerably higher than
crested wheatgrass, and the r for Na in alfalfa and
crested wheatgrass reaffirmed the amount of error as-
sociated with equation development, although the WAVELENGTH, ~m
equations could be developed. The CV s were variable,
with Fe being the largest and K the smallest. The CV
for Ca/P was lower than the CV s for Ca/P in crested
wheatgrass or tall fescue samples. Bias values for al-
falfa were less variable than tall fescue or crested
wheatgrass; however, a smaller sample set was used
to test the equation.

Mineral Ratios
Data shown in Table 7 utilized the NIRS generated

values for Ca, P, K, and Mg to calculate ratios [Ca/P, VI

K/(Ca + Mg), and K/Mg]. These ratios were then cor- ~
related with ratios calculated from wet chemical de- I-
terminations for the same minerals. The strongest cor- ffi Chlorophyll
relation was for the Ca/P ratio (r=0.88) for alfalfa ~
samples. Using NIRS values of Ca and P to calculate Q;

Ca/P ratios in tall fescue and crested wheatgrass sam-
ples accounted for approximately 50% of the varia-
bility (r=0.44 and 0.52, respectively). WAVELENGTH, ~m

It appears that using NIRS determined mineral val-
ues to calculate ratios [Ca/P, K/(Ca+Mg), or K/Mg] ~ C --- Mg Malate
does not have the same degree of reliability as the same ~ ~ I" I' ", ,,-, /1,,"1ratios calculated from wet chemistry. This may be due ~ : \ .: \", '-' '..' \-.I-'J i ~

to the forage Populations used for this study or to the loJo , \ ': l '. .. ~ ::,. . "" ... : . . .
Table 7. Correlations between miDeral ratios calculated from NIRS

aDd wet chemistry values.

Mineral ratio ,.t

Tall fescue
K/Mg 0.29
K/(Ca + Mgl 0.55
Ca/P 0.44

Crested wheathgr8Ss

M/Mg 0.19
K/(Ca + Mg) 0.30
Ca/P 0.52

Alfalfa

Ca/P 0.88 WAVELENGTH, ~m

t NIRS determined values of Ca. Mg. K. and P were usecl to calculate ratios. Fig. I. First derivative spectra of forages (A). chlorophyll (B), and
which were correlated with ratios calculated from wet chemistry. malic acid and Mg, Ca, and K malate (C).

cC'"
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Basis for Detecting Minerals data and Fig. 1 B and Fig. I C, it appears that NIRS is ,j
T~eoretically, NIRS responds to rotational and vi- sensing Ca, K, and Mg associated with .or~anic acids.

I"

bratlonal bonding energies of hydrogen. Inorganic salts The w.avelengths chosen for P were not sImIlar to those
would therefore be transparent to the energy ofNIRS. at WhICh NIR .responses were noted .when scanning

That NIRS can determine some cation concentrations phytate, potassI~m phosphate, o~ ca.I~Ium phosphate.
may occur because of their association with organic Beca:use o~th~ hI&;h degree ofvanabIltty, th~re was no
or hydrated inorganic molecules. Spectra of the three consIstent In~Ic.atIOn ':ls to how ';Nell NIRS WIll perfo.rm
forages show that they are different (Fig. I A). How- when determInIng ~Ine.ral ratIos. There~ore, ca.utIon
ever, the main differences are due to protein, moisture, should ~e observ~d In U~Ing NIRS.determI~ed ~Ineral
and fiber content. Examination of peaks found in chlo- vaI.ues In balancIng mIneral levels or ratIos In feed
rophyll (Fig. 1 B) and wavelengths used for the deter- ratIons.

minations of Mg in the forages (Tables I, 3, and 5)
showed some similarities (1768, 1818, 1850, 2076, REFERENCES

2304, 2350 nm). Calcium, Mg, and K malate spectra 1. Boland, R.~., G.B. G3;~er, K.H. Asay, and C.J. Nelson. 1976.
were collected and examined. Malic acid was used since Organic acId com~sltlon of tall fescue leaves from diverse
. h b ti d . h'gh ' genotypes. Crop Scl. 16:677-679.
It as ee~ °u.n ~n 1 concentratIons (percent of 2. Burns, J.C., C.H. Noller, C.L Rhykerd, and T.S. Rumse . 1968.
total organIC acIds) In crested wheatgrass (2), tall fescue Influence.offertilizatio~ on some organic acids in alfal&, Med-
(1), and alfalfa (6). Few similarities are evident be- Icago satIva L. Crop SCI. 8:1-2: .. . .
tween malic acid and the three mineral ac'd-sal t d 3. Clark~ D.H. 1985. PredIcting dlgestlbliltles of alfalfa hays with

. . I..S ue near Infrared reflectance spectroscopy. Ph.D. dlss. Utah State

to the presence of the mInerals (FIg. I C). ShIfts In the Univ., Logan (Diss. Abstr. 85-23676).
area of 1400 nm (water region) are evident and are 4. ---:. 1985. History of near infrared reflectance spectroscopy
due to the presence of the minerals on the malate mol- analysIs of.agncultural products. p. 7-11. In G.C. Marten e.t al.

(ed.) Near Infrared reflectance spectroscopy (NIRS): AnalysIs of
ecule. Some of the peaks (or slope changes) for Mg forage quality. ARS Agric. Handb. 643. U.S. Government Print-

; mala~e and chlorophyll corresponded to wavelengths ing Office, Washington., DC. . .
] usedIntheforages(1768 1850 2304 2350nm ) Peaks 5. Kaye, W. 1954. Ne.ar Infrar.ed spectroscopy-I..Spectralldentl-

,
or slop h ti C ' I , , d d . ficatlon and analytIcal applIcatIon. Spectrochlm. Acta 6:257-

" e c anges or a ma ate correspon e to wave. 287.
- lengths used in the forage equations (1394, 1834, 2390, 6. M~yland, ~.F., and. D.L Grunes. 1979. Soil-climate-plant re-

2406 nm), while other similarities were noted for K latlon.shlps In the etiology of grass tetany. p. 123-175. In v.v.
I ( 1538 1659 23 8 2 Rendl.g and I:?L. Grunes (ed.) Grass tetany. Spec. Pub. 35.

ma a~e. ..' , I, ~26, 2366,2410,2418 nm). Amencan SocIety of Agronomy, Madison, WI.

No sImIlantIes were found In wavelengths chosen for 7. Shenk, J.S. 1~85. Public software. p. 18-21. In G.C. Marten et

P and those highlighted in phytate or phosphate spec- al. (ed.) Near Il:'frared reflectance spectroscopy (NIRS): Analysis

tra of forage qualIty. ARS Agnc. Handb. 643. U.S. Government
. Printing Office, Washington, DC.

8. -, I. Landa, M.R. Hoover, and M.O. Westerhaus. 1981.

Description and evaluation of a near infrared reflectance spec-

CONCLUSIONS tro-computer for forage and grain analysis. Crop Sci. 21:355-
358.

Accurate use of NIRS to determine mineral cation 9. -, M.<;). Westerhaus, and M.R. Hoover. 1979. Analysis of
composition in forages appears limited to certain ma- forages by Infrared reflectance. J. Dairy Sci. 62:807-812.

J'or min
erals (Ca P K d M ) F th .. I 10. Whetsel, K.B. 1968. Near Infrared spectrophotometry. Appl.

, , , an g. rom e statIstIca Spectros. Rev. 2:1-67.
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